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Abstract
Accurate knowledge of the dimension, shape, and morphology of larynx and its complex anat-
omy is a prerequisite for performing surgery of the larynx. Population differences are important 
not only for planning surgical interventions but also for performing an operation. Previous mor-
phometrical studies on the larynx had shown variable results obtained from different popula-
tions, including Western and Eastern ones, yet information about larynx morphometry in Anato-
lian population is limited. The purpose of this study is to make more statistical data available for 
Anatolian population and help clinicians for surgical approaches related to this area. Ten param-
eters from anterior and lateral views were measured on 50 thyroid cartilages taken from autopsy 
specimens (28 male, 22 female). Specimens were removed and dissected under stereomicroscope 
after routine fixation procedure. Those with visible deformations were eliminated during dissec-
tions. Statistical evaluations and comparisons were done for a comprehensive description. Sig-
nificant sexual differences were observed. Mean values for all parameters were higher in males 
than in females. These results were compared with already existing anatomical data of other pop-
ulations. This study on larynx specimens from different regions of Anatolia provides a general 
knowledge of thyroid cartilage dimensions. The obtained results can have great clinical influence 
on surgical approaches to the related area and give information for anthropomorphic studies.
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Introduction
Accurate knowledge of the dimension, shape, and morphology of the larynx and 
its complex anatomy is a prerequisite to perform surgical procedures for laryngeal 
operations (Kotian et al., 2014). Present anatomical and surgical textbooks cover the 
overall anatomy of the larynx and give important landmarks for operations but do 
not provide necessary morphometric information to perform a surgical procedure, 
especially considering the fact that population differences affect larynx dimensions to 
a great extent. Anatomical study of the larynx is needed not only to prevent com-
plications but also to provide better surgical outcomes for the patients (Poornima 
and Dakshayini, 2017). Even though many studies concerning the dimensions of the 
human larynx and specifically thyroid cartilage are present in Western and Eastern 
populations, such as Europeans (Sprinzl et al., 1999; Zielinski, 2001; Kovac et al., 
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2010), South Americans (Jotz et al., 2014), Indians (Jain and Dhall, 2008; Kaur et al., 
2014; Joshi et al., 2015), Thais (Viravud and Palakornkul, 2014), information about 
Anatolian population is limited. This study aims to provide laryngologists a reliable 
knowledge of laryngeal skeleton size and proportions in Anatolian population. 
Materials and methods
Cadaveric material
Specimens were collected after autopsy from the Council of Forensic Medicine which 
is an official body of the Ministry of Justice, Turkey (Data proc. 2004/19 of January 19, 
2004). Necessary permissions were taken and all dissections were performed in line with 
the Republic of Turkey laws. Fifty thyroid cartilages (28 males, 22 females) were used 
in total in this study after elimination of those with visible deformations during dissec-
tions. The 28 males had ages ranging between 24 and 56 years with mean value 46 years 
and the 22 females were 32 years old on average, with a range 21-41 years.
Dissection method and measurements
Thyroid cartilages were removed from autopsy specimens with the rest of the 
larynx cartilages and then dissected under an S6 D stereomicroscope (Leica, Wetslar, 
Germany) after routine fixation procedure. Eight parameters from the anterior view 
and five parameters from lateral view were measured, as defined below in figures 1 
Figure 1. Measurements performed on the anterior face of larynx. A1: Depth of superior thyroid notch from ante-
rior view. A2: Anterior thyroid height. A3: Length of thyroid lamina. A4: Maximum height of lamina. A5: Distance 
between laryngeal prominence and base of superior horn. A6: Transverse distance between bases of inferior horn. 
A7: Anterior midvertical transverse distance. A8: Distance between the bases of superior and inferior horns.
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and 2 and respective captions. A digital caliper (Altas 905, 150 mm), were used for 
measurements.  Each parameter was measured double-blinded and in case of differ-
ent values the average was recorded. Mean, minimum, maximum and standard devi-
ation were calculated.
Results
In measurements from anterior view, the mean values of depth of superior thy-
roid notch, length of thyroid lamina, maximum height of lamina, distance between 
laryngeal prominence and base of superior horn, transverse distance between bases 
of inferior horn, midvertical transverse distance, and distance between the bases of 
superior and inferior horns were greater for males than females; no significant dif-
ference between males and females was found for anterior thyroid height. Tables 1 
and 2 indicate the lowest, highest and mean values of these parameters for male and 
female specimens respectively.
Also, at one of the thyroid cartilages, a remarkable variation of the left superior 
cornu was detected during dissections. This hook-like variation was only unilateral 
(Figure 3). 
Table 3 indicates the lowest, highest and mean values of the measurements taken 
from the lateral view, i.e. depth of superior thyroid notch, thyroid height, length of 
Figure 2. Measurements performed on the left (a) and right (b) side of larynx. L1: Depth of superior thyroid 
notch from lateral view. L2 : Anterior thyroid height from lateral view. L3 : Length of thyroid lamina from 
lateral view. L4 : Maximum height of lamina from lateral view. L5 : Horizontal distance between the laryngeal 
prominence and posterior edge of the lamina.
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thyroid lamina, maximum height of lamina, horizontal distance between the laryn-
geal prominence and posterior edge of the lamina. These measurements were not dif-
ferentiated by sex.
Discussion
In the present study, the depth of incisura thyroidea superior (A1) was found 8.29 
± 3.33 mm for male and 5.54 ± 0.31 mm for female. This parameter was observed as 
9.7 ± 3.36 mm in Western Indian population disregarding sexual difference (Joshi et 
al., 2015), 10.47 ± 1.39 mm for males and 7.92 ± 1.09 mm for females in Thais popu-
lation (Viravud and Palakornkul, 2014), 9.0 ± 1.9 mm for males and 6.4 ± 1.4 mm in 
European population (Sprinzl et al., 1999), 11.20 ± 2.75 mm for males and 9.70 ± 2.73 
mm for females in Indian population (Jain and Dhall, 2008). 
The anterior thyroid height (A2) was measured here as 19.15 ± 5.23 mm in male 
specimens and 21.57 ± 4.81 mm in females. Interestingly, this value was the only one 
that was higher in females than in males. Joshi et al. (2015) observed that in Western 
Table 1. Measurements from anterior view in males (N = 28; data in mm; SD: standard deviation).
Parameter Minimum Maximum Mean SD
Depth of incisura thyroidea superior 3.75 14.84 8.29 3.33 
Anterior thyroid height 8.32 24.31 19.15 5.23 
Length of lamine thyroidea 18.49 35.46 29.32 5.28 
Maximum height of lamina 15.70 31.98 24.17 4.65 
Distance between laryngeal prominence and base of 
superior horn 16.36 31.40 21.64 4.45 
Transverse distance between bases of inferior horns 16.83 34.23 26.90 5.29 
Anterior midvertical transverse distance 24.40 43.36 34.23 5.13 
Distance between the bases of superior and inferior horn 11.37 26.28 19.93 4.05 
Table 2. Measurements from anterior view in females (N = 22; data in mm; SD: standard deviation).
Parameter Minimum Maximum Mean SD
Depth of incisura thyroidea superior 5.29 5.89 5.54 0.31 
Anterior thyroid height 16.33 25.78 21.57 4.81 
Length of lamina thyroidea 5.24 32.59 27.77 5.24 
Maximum height of lamina 13.01 27.47 20.55 7.25 
Distance between laryngeal prominence and base of 
superior horn 18.11 23.78 20.14 3.16 
Transverse distance between bases of inferior horns 19.94 28.61 25.45 4.80 
Anterior midvertical transverse distance 29.77 36.65 34.08 3.75 
Distance between the bases of superior and inferior horn 14.75 20.20 18.03 2.89 
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Indian population the average height of thyroid from anterior view was 16.71 ± 2.5 
mm. Jain and Dhall (2008) found this value to be 16.40 ± 2.66 for males and 13.40 
± 3.20 for females in Indian population.  In Thais, measures were 18.08 ± 1.42 mm 
for males and 16.20 ± 2.91 mm for females in the study of Viravud and Palakornkul 
(2014). This parameter was observed as 23.8 ± 3.9 mm for males and 15.0 ± 2.1 mm 
for females by Sprinzl et al. (1999). 
The length of lamina thyroidea (A3) for Anatolian population was measured 
as 29.32 ± 5.28 mm in males and 27.77 ± 5.24 mm in females in the current study. 
These values are similar to those observed in other populations: 28.9 ± 2.6 mm for 
males and 21.9 ± 2.2 mm for females in European population (Sprinzl et al., 1999), 
26.85 ± 1.99 mm for males and 22.70 ± 1.82 mm for females in Thais (Viravud and 
Palakornkul, 2014), 27.50 ± 2.96 mm and 22.70 ± 3.71 mm respectively for males and 
females in Indian population (Jain and Dhall, 2008). 
The maximum height of lamina (A4) was found 24.17 ± 4.65 mm in males and 
20.55 ± 7.25 mm in females in this study. In the study of Joshi et al. (2015) in Western 
Indian population, this parameter was measured on the right side and the left side 
separately and values were 26.73 ± 4.27 mm and 26.80 ± 3.05 mm respectively. Sprinzl 
Figure 3. Unilateral hook-like variation of superior cornu of thyroid cartilage was observed on the left side. 
a) Lateral view showing left cornu, b) Posterior view showing asymmetry, c) Superior view showing asym-
metry
Table 3. Measurements from lateral view, in both sexes together (N = 50; data in mm; SD: standard devia-
tion). 
Parameter Minimum Maximum Mean SD
Depth of superior thyroid notch from lateral view 6.67 10.78 9.17 1.52 
Anterior thyroid height from lateral view 15.31 32.52 19.55 6.43 
Length of lamina thyroidea from lateral view 23.42 42.87 29.75 6.82 
Maximum height of lamina from lateral view 19.69 39.15 29.0 7.52 
Horizontal distance between the laryngeal prominence 
and posterior edge of the lamina 29.62 42.48 34.50 4.94 
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et al. (1999) have measured maximum height of lamina as 29.7 ± 3.2 mm for males 
and 23.4 ± 2.4 mm for females. These values are lower than those found in the study 
of Viravud and Palakornkul (1998) in Thais which are 30.70 ± 4.07 mm for males and 
31.20 ± 4.60 mm for females. 
The distance between laryngeal prominence and the base of the superior horn (A5) 
was measured here as 21.64 ± 4.45 mm in males and 20.14 ± 3.16 mm in females. This 
parameter was measured by Joshi et al. (2015) as the upper breadth of lamina and was 
found to be 36.7 ± 4.10 mm on the right side and 36.90 ± 5.03 mm on the left side. 
The transverse distance between bases of inferior horns (A6) was found here to be 
26.90 ± 5.29 mm in males and 25.45 ± 4.80 mm in females. In the study of Joshi et al. 
(2015), this same parameter was measured 32.48 ± 3.83 mm. 
The midvertical transverse distance between bases of superior and inferior horn 
from anterior view (A7), the distance between the bases of inferior horn and superior 
horn (A8) was measured 19.93 ± 4.05 mm in males and 18.03 ± 2.89 mm in females..  
As for the distances measured from lateral view, only L5, which is from the laryngeal 
prominence to posterior edge of lamina, was found stated in the literature as ‘breadth of 
lamina’. This measurement also has great variance both between genders and races. In 
our study, mean value was found 34.50 ± 4.94 mm regardless of sex. However, accord-
ing to a previous study the smallest value for this measurement was found to be 29.60 ± 
8.00 mm for males and 26.20 ± 4.90 mm for females (Indian) and the largest 41.90 ± 3.38 
mm for males and 31.20 ± 2.73 mm for females (German; Jain and Dhall, 2008). 
Unilateral variation of superior cornu of thyroid cartilage was only one among 
all dissected specimens. Some of the superior cornu variations are related to many 
symptoms such as dysphagia, odynophagia, throat pain or foreign body sensation 
(Mortensen et al., 2009). This abnormality is also called superior thyroid cornu syn-
drome. It is stated that laryngologists should be aware of this variation (Wojtowicz et 
al., 2015).
Statistical evaluations and comparisons were done for a comprehensive descrip-
tion. Significant sexual differences were observed. In accordance with previous stud-
ies, mean values for all parameters were higher in males compared to females except 
for the anterior thyroid height for which the opposite holds true. These results were 
compared with already existing anatomical data of other populations. Comparisons 
have shown an overall accordance with the values measured in other populations, 
especially close values were detected in the study of Sprinzl et al., 1999 in European 
population. This result is comprehensible because Anatolian population is considered 
as White-Caucasian anthropologically smaller in body size than Western European 
populations and larger than Asian populations.
Conclusion
This study on larynx specimens from different regions of Anatolia provides infor-
mation about thyroid cartilage dimensions. Apart from the significant sex differences, 
an exceptional variation of the left superior horn was observed in one of the thyroid 
cartilages. Measurements were compared with already existing anatomical data of 
other populations. Use of different measuring points, ethnological differences and 
artifacts due to formalin fixation may lead to different results in larynx morphometry 
studies. As mentioned by Kovac et al. (2010) population-related factors can explain 
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the minor differences between the results of this study and those of other researchers, 
which increase the importance to provide a detailed description of the dimensions of 
thyroid cartilage in each population. The present results can have great clinical influ-
ence in surgical approach to the related area. Also, the results might give information 
for anthropomorphic studies.
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